The synthesis of amphiphilic lipid-polyoxazoline based on copolymers (CO-POx n ) with narrow distribution has been achieved via cationic ring-opening polymerization of 2-methyl-2-oxazoline (MOx). Lipid-macroinitiator (COTs) was obtained from commercial castor oil (CO), widely renewable agricultural resource. CO-POx n with various length segments were synthesized from a macroinitiator COTs in order to investigate the effect of the length of the hydrophilic segment on the solution behavior of the nonionic polymer surfactants CO-POx n . The results showed that the critical micelle concentration rised with the increase of POx content and inversely surface tension decreased. The average size of aggregates of these structures suggested the formation of vesicles or nonspherical micelles. Star-shaped morphology of CO-POx n in solid state has also been observed using hal-00379102, version 1 -27 Apr 2009 Author manuscript, published in "Reactive and Functional Polymers 69 (2009) 643-649" DOI : 10.1016/j.reactfunctpolym.2009 2 environmental scanning electron microscopy (ESEM). Addionally energy dispersive X-ray (EDX)
Introduction
The interest in designing highly specialised synthetic surfactants incorporating blocks coming from renewable resources has increased remarkably during the last few years. Many surfactants are made of natural building blocks like amino acids, sugars and fatty acids. Their low toxicity, good biocompatibility and fast biodegradation are the main reasons for the increasing industrial interest in these compounds. The most important applications for the surfactants are related to their selforganisation in solution. Self-organisation leads to the formation of micelles, liposomes or lyotropic liquid crystalline phases which can be used for the solubilisation of chemicals such as drug carriers or detergents. The preparation of surfactants from renewable sources such as natural oil-based materials and more specifically triglyceride oils have been used for the production of coatings, inks, plasticizers, lubricants and agrochemicals. Among vegetable oils, castor oil (CO) represents a promising raw material due to its low cost, low toxicity, and its availability as a renewable agricultural resource. CO contains ricinoleic acid (12-hydroxy-cis-9-octadecenoic acid) combining hydroxyl groups and unsaturations [1] . From this starting material and water-soluble polymer, amphiphilic surfactants could be designed. Among numerous water-soluble polymers, polyoxazolines (POx)s are attractive for their low acute toxicity [2, 3] and have been approved by US Food and Drug Administration (FDA). (POx)s have recently emergered in surface chemistry and biomaterials science where they act for instance as nonionic surfactants and could be compared with commercial nonionic polymer ones: Pluronics ® [4] and analogous PEO based surfactants [5] .
Some polyoxazoline surfactants have already been mentioned in the literature with various macromolecular architectures. Amphiphilic block copolymers were synthesized between 2-methyl-or 2-ethyl-2-oxazoline and 2-alkyl-2-oxazoline where the long alkyl chain afforded a hydrophobic character [4, 6, 7] . Other amphiphilic polyoxazolines were prepared starting from initiators or terminating agents with long alkyl chains and hydrophilic 2-oxazoline [8, 9] . Similar architectures were performed from perfluoro initiator [10] . Some examples of graft copolymers were also referred to poly(2-methyl-2-
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oxazoline) and phosphazene [11] or chitine [12] . The large demand for surfactants urgently calls for sustainable surfactants made from renewable raw materials to reduce the impact on the environment and to save fossil resources [13] . In this sense few nonionic polyoxazoline surfactants based on vegetable biomass have been synthesized from glycerol [14] and lipopolymers [15] [16] [17] [18] . Schubert et al. have
recently reported the synthesis of amphiphilic poly(2-ethyl-2-oxazoline-block-2-"soyalkyl"-2-oxazoline) copolymers from soybean fatty acid [19, 20] . The polyoxazoline block was synthesized using a new oxazoline monomer containing a C18 long unsaturated chain issued from soybean oil.
In this article, we described a new route to synthesize amphiphilic lipid-POx CO-POx n copolymers using commercial castor oil CO backbone with various hydrophilic block lengths. Here, hydrophobic group was introduced at the initiation stage of polymerization of 2-methyl-2-oxazoline MOx ("initiator method") by a derivative of castor oil (COTs). The surface properties of these nonionic polymeric surfactants were also investigated as well as self-ordering of CO-POx n in the solid state. surfactants were calculated by the commonly used general formula for non-ionic ones:
where M H and M L are the molecular weights of the hydrophilic segment POx n and of the lipophilic segment CO of the CO-POx n molecule, respectively.
Experimental Section Materials
Diethyl ether, methanol, chloroform, Milli-Q water, p-toluenesulfonyle chloride (TsCl), castor oil (CO), KOH and CaH 2 were purchased from ACROS and used as received. Pyridine was distilled from KOH under nitrogen. Acetonitrile was dried and distilled according to standard procedures [21] . 2-Methyl-2-oxazoline (MOx) was dried and distilled from CaH 2 and stored under a dry nitrogen atmosphere. Deuterated solvents were purchased from SDS and used without further purification.
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Characterization of castor oil: CO Castor oil (CO) is used as received and its composition is the following [ricinoleic ester (90%), oleic ester (4%), linoleic ester (1%), linolenic ester (1%), stearic ester (1%), palmitic ester (1%), dihydroxystearic ester (1%) and others (1%)]. 
Results and discussion
Synthesis of lipid-macroinitiator COTs
The polymerization of oxazoline was investigated using a lipid based macroinitiator. Castor oil CO is unique among all oils since it is the only one containing about 90% of C 18 
Polymerization of MOx based on COTs initiator
The polymerization of MOx was achieved using lipophilic macroinitiator COTs in refluxing acetonitrile for 2 days as shown in Scheme 2. The polymerization was terminated by adding a large excess of a KOH saturated methanolic solution and was kept at 30°C during 4 h. The copolymer was purified by slow precipitation from cold diethyl ether where the non copolymerized COTs remained soluble.
Scheme 2: Polymerization of MOx based on lipidic macroinitiator COTs.
The experimental number-average molecular weights measured by GPC analysis were smaller than the theoretical ones in the most of the cases. The narrow polydispersity were also obtained from GPC and ranged from 1.06 to 1.12 as summarized in Table 1 Figure 3 . The experimental values were lower than the theoretical ones and the shift between them might be related to the used PMMA calibration. Various lengths of hydrophilic block were synthesized to evaluate the influence of the HydrophilicLipophilic Balance, or HLB, on interfacing properties. This parameter was determined using the general formula applied for nonionic surfactants taking into account the weight fractions of the hydrophilic and of the lipophilic portions of the molecule (see experimental part) [27] . The approximative HLB values calculated for CO-POx 6 , CO-POx 9.3 and CO-POx 15.2 ranged from 7 to 9.2, these values being close to that of usual hydrophilic surfactants.
The proof of the grafting of POx segment onto the lipid backbone throught a initiator COTs was also evaluated by the study of surface properties of the CO-POx n compared to COTs films by measuring the contact angle of diodomethane drops onto the surface of the films. A remarkable difference existed between CO-POx n and COTs contact angles with 50° and 15° respectively. This means logically that hal-00379102, version 1 -27 Apr 2009 hydrophilicity of CO-POx n increased in comparison to COTs precursor one and proved the grafting of POx onto lipid macroinitiator.
Self-assembly of CO-POx n in aqueous solution
The surface activity of CO-POx 6 and CO-PO 9.3 were characterized using surface tension measurements. Figure 4 displays the surface tension versus the logarithm of the concentration for COPOx 6 and CO-PO 9.3 aqueous solutions. The decrease in surface tension with increasing concentration is typical of surface active molecules [27] . This behaviour is explained by the spontaneous adsorption of (Table 2) were closed to those of usual surfactant molecules with two hydrocarbon chains [17] . This suggests that the polyoxyazoline group exhibits an extended conformation and penetrates into the water phase as it was characterized from X-ray reflectometry for a polyoxazoline lipopolymer CO-POx n [28] . DLS measurements indicate that polyoxazoline surfactants CO-POx n have a very strong propensity to form giant micelles or aggregates ( Figure 5 ). The average size of aggregates observed in aqueous solution was about 200-300 nm with a large size distribution. The relatively high diameter, 300 nm, of these structures suggests the formation of vesicles or nonspherical micelles. Further research is currently being carried out to determine the structure and the morphology of these polyoxyazoline surfactant micelles. 
Cooperative organization of CO-POx n in solid state
To determine the organization in the bulk and identify the ordered nanopattern of CO-POx n the segregation of lipophilic and polyoxazoline parts was studied by evaporation from concentrated aqueous solution as previously mentioned in the case of poly(2-oxazoline) multiblock copolymers deposited onto surfaces [29, 30] . The nanopatterns result from the precipitation of one part of amphiphilic surfactant.
The evaporated solvent and the limit of solubility of the less soluble part induced its precipitation and the formation of nanopatterns since the other part remains still soluble. In our case environmental scanning electron microscopy (ESEM) and energy dispersive X-ray (EDX) analysis were used. During ESEM analysis the pressure in the chamber of the microscope slowly rised to avoid any degradation and hal-00379102, version 1 -27 Apr 2009
let gradual evaporation of water contained in the sample. In a first step, CO-PO 9.3 sample was analysed after spraying water at the surface to favor the self-organization. A variety of ESEM images of the CO-PO 9.3 were taken and one of them is shown in Figure 6 . Under a pressure of 0.87 torr, no pattern appeared on the surface of the sample while under 2.87 torr some star-shaped morphologies with numerous stripes distributed in the radial direction were observed. The number and the length of stripes per star-shaped morphology varied as well as the size of the patterns ranged from 50 to 200 m. Starshaped patterns were spontaneously generated by drying under pressure and illustrate the influence of the evaporation in the cooperative organization in the bulk.
By EDX analysis, nitrogen elemental percentage was quantified and gave information about the spatial distribution of POx in the sample because only polyoxazoline unit contains nitrogen atom in the surfactant structure. Compared to nitrogen elemental percentage in EDX analysis, the value measured in arms was up to 6 folder higher than matrix one. Thus the hydrophilic POx block was mainly isolated in the concentric surface stripes (black zone) and of course the fatty acid chains were localized in the matrix. 
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Conclusions Nonionic polymer surfactants CO-POX n based on vegetable oil (castor oil) CO and poly(2-methyl-2-oxazoline) were synthesized with narrow polydispersity. From GPC study, the low molecular weights were consistent with theoretical values whereas a deviation appeared to the higher molecular weights.. 
